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© In some data entry and signature verification 
devices a pen (12) is used to write on a surface (14) 
carrying lines (15). A light sensor (11) detects line 
crossings and a pen-output signal is derived from 
which data entered can be identified or a signature 
can be recognised. A threshold is used to distinguish 
troughs in the output signal as a line is crossed but 
the general level of troughs and peaks 
(corresponding to space between lines) varies, due 



to the orientation of the pen, making the threshold 
level difficult to fix. In the invention a peak detector 
is used which derives a threshold level which varies 
with changes in pen output caused by pen orienta- 
tion but does not vary significantly when lines on the 
surface are crossed at normal writing speed. Another 
threshold is also used which allows a signal to be 
derived indicating whether the pen is in contact with 
the surface. 
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The present invention relates to an apparatus 
and method for indicating when an indicating in- 
strument, such as a pointing instrument or pen, 
crosses marks on a surface. The invention is par- 
ticularly useful for indicating when a pen used for 
writing or signing crosses parallel lines already 
printed on paper. 

British Patent Specification 2,183,071 (and cor- 
responding US Application 548192) describe a data 
input method and a signature verification method 
which involve providing a signal indicating when a 
pen used for signing crosses marks such as par- 
allel lines on a writing surface. Variations of these 
methods are described in the specifications of Brit- 
ish Patent Application 8801703.3 (corresponding to 
US Patent 4963859) and British Patent Application 
No. 9024383.3 (corresponding to US Application 
610209). The disclosures of these specifications 
are hereby incorporated into this specification. 

According to the present invention there is 
provided apparatus for providing signals indicating 
when the tip of an indicating instrument crosses 
marks on a surface, comprising 

light-sensitive means mounted, in operation, to 
sense variations in light received from a surface at 
the tip of an indicating instrument and for generat- 
ing a sensor-output signal having variations in mag- 
nitude corresponding to the tip crossing marks on 
the surface, 

peak-detector means for detecting peaks in the 
sensor-output signal having a time constant which 
is long in relation to the expected durations of the 
said variations in magnitude but short in relation to 
expected changes in the orientation of the indicat- 
ing instrument relative to the surface, and 

comparison means for comparing the sensor- 
output signal with a threshold signal having a mag- 
nitude less than that of the output of the peak 
detector means by an amount significantly less 
than the variation from peak to trough in the said 
variations, the output of the comparison means 
being a substantially two value signal with intervals, 
during which one of the values occurs, correspond- 
ing to mark crossings. 

For data input and signature verification the 
indicating instrument may be a writing instrument, 
the surface may be a writing surface and the marks 
are usually parallel lines. 

Apparatus according to the invention may in- 
clude means for projecting light onto the surface at 
the point where the indicating instrument is in con- 
tact with the surface, or is adjacent thereto. The 
light projected may be at substantial levels at one 
or several wavelengths only and the light sensitive 
means may then be much more sensitive to one or 
more of these wavelengths than to light of other 
wavelengths. When the indicating instrument is a 
pen or pencil which leaves a trail on the writing 
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surface the wavelengths of the projected light are 
preferably different from those of light reflected by 
the trail and the light sensitive means is relatively 
insensitive to such reflected light. 
5 Preferably the threshold signal has a mag- 

nitude which is less than that of the output of the 
peak detector means by an amount approximately 
equal to half the amplitude of the said variations in 
magnitude. 

10 Apparatus according to the invention may in- 

clude means for comparing the sensor-output sig- 
nal with a further threshold signal having a mag- 
nitude below the troughs in the said variations but 
above that of the sensor output signal when the tip 

75 of the writing instrument is spaced from the sur- 
face. 

Preferably the writing surface is white with grey 
marks thereon since such a surface provides a 
good distinction between the magnitude of the 
20 sensor-output signal when the indicating instrument 
is in contact with the surface and when it is not in 
contact therewith. 

The invention also includes a method corre- 
sponding to the apparatus of the invention for pro- 
25 viding signals indicating when an indicating instru- 
ment crosses marks on a surface. 

Certain embodiments of the invention will now 
be described by way of example, with reference to 
the accompanying drawings, in which:- 
30 Figure 1 shows a pen and sensor in use on a 
writing surface, 

Figure 2 is a block circuit diagram of apparatus 

according to the invention, and 

Figure 3 shows a typical graphical output from 

35 the pen of Figures 1 and 2. 

In Figure 1 the lens 10 of a light-sensitive 
proximity sensor 11 is shown mounted on a fibre 
tipped pen 12 having a writing tip 13. The lens 10 
is positioned to receive light from the point at 

40 which the tip 13 contacts a writing surface 14, such 
as a sheet of paper, carrying parallel grey lines, 
some of which are designated 15. The focal point 
of the lens 10 is a short distance in front of the lens 
and the sensor 11 is mounted on the pen 12 by 

45 means of a holder 22 so that the front of the lens is 
the said short distance from the point at which the 
tip 13 of the pen makes contact with the writing 
surface. In the preferred arrangement the parallel 
lines are formed by a printed pattern using a ratio 

so of 60:40 white to grey areas. In practice there are 
very many more parallel lines in relation to the size 
of the pen than is indicated in Figure 1 . 

As the pen is used to write on the surface 14 
the tip crosses the parallel lines causing variations 

55 in the output signal of the proximity sensor 11. 
These variations may be used for data entry and 
signature recognition purposes as described in the 
above mentioned patent specifications. A sensor- 
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output signal of the type shown in Figure 3 is 
obtained from the proximity sensor and has peaks 
and troughs some of which are designated 16 and 
17 respectively as the pen crosses white areas and 
grey lines, respectively. 

A change in the output of the proximity sensor 
also occurs when the pen is lifted from the paper, 
when much less light is received. Such a condition 
is known as pen/up and it is indicated in Figure 3 
by the portion 18 of the sensor output. The pen/up 
signal is useful in signature recognition, particularly 
as described in British Patent Specification No. 
9024383.3. 

The proximity sensor 11 is commercially avail- 
able from Hewlett Packard and is sensitive to infra- 
red light having a wavelength of 820 nm. The 
sensor 1 1 includes an LED 20 (see Figure 2) which 
emits infra-red light at this wavelength and a pho- 
tosensitive diode 21 which is sensitive to light of 
this wavelength. The LED 20 is fed from a suitable 
voltage source ( + V) by way of a resistor 25. The 
absolute magnitude of the peak 16 varies with the 
angle which the pen 12 makes with the surface 14 
but in general the troughs 17 are approximately the 
same depth in relation to the peaks regardless of 
orientation. Orientation of the pen is inclined to 
change as the pen is used and Figure 3 shows 
evidence of a change in orientation at about a point 
23 and a slow change in orientation occurs in the 
region 24. A difficulty is therefore experienced in 
setting a threshold level for the sensor-output sig- 
nal which will distinguish peaks from troughs and 
so signal when lines on the surface are crossed. 
This problem is made more difficult by the neces- 
sity to have a further threshold level which distin- 
guishes between the pen being in contact with the 
surface 14 and the pen lifted from the surface. 

Signals from the photosensitive diode 21 are 
passed to an amplifier 26 and then to a peak 
detector 27 comprising an operational amplifier 28, 
a diode 29 and a capacitor 30. The voltage across 
the capacitor 30 represents the peak reached by 
the waveform of Figure 3 but a parallel resistor 32 
causes this voltage to decay with a time constant 
which is fast enough to follow variations in values 
of the peak 16 which correspond to changes in the 
orientation of the pen 12 during writing. The resis- 
tor 32 is also chosen such that in normal writing, 
the time constant of the capacitor 30 and the 
resistor 32 causes little decay of the capacitor 
voltage between peaks 16. 

The voltage developed across the capacitor 30 
is passed to an operational amplifier 33, connected 
as a voltage follower, with its output connected to 
its input, so that the current taken from the capaci- 
tor 30 is negligible compared to the current through 
the resistor 32. The output of the amplifier 33 is 
also passed to the inverting input of the operational 



amplifier 28. 

The voltage developed across the capacitor 30 
and present at the input and output of the amplifier 
33 is passed to a summing circuit 34 where an 

5 offset voltage is subtracted, the offset voltage being 
approximately equal to half the mean difference 
between peaks 16 and the troughs 17. The resul- 
tant voltage which forms a variable threshold volt- 
age is applied to one input of a comparator 36. 

io This threshold enables peaks and troughs to be 
distinguished in the presence of slow variations of 
pen orientation. The other input of this comparator 
is the signal of Figure 3 which is received from the 
output of the amplifier 26. As a result the output of 

75 the comparator 36 takes on one of two values when 
the white space between grey lines is crossed and 
the other value when the grey lines themselves are 
crossed. Such a signal is indicated at 37. 

The use of a variable threshold has the addi- 

20 tional advantages that it allows, at least to some 
extent, for long term variations in light received by 
the diode 21, such as caused by variations in 
paper characteristics and ambient light. 

The output of the amplifier 26 is also passed to 

25 a comparator 38 which receives a fixed threshold 
voltage corresponding to the dashed line 40 in 
Figure 3. Thus the output of the comparator 38 is a 
two valued signal (see waveform 41 of Figure 2) 
indicating whether or not the pen 12 is in contact 

30 with the writing surface. 

The circuits of Figure 2 may be located in the 
pen and sensor assembly of Figure 1, or in an 
external circuit coupled by way of the connection 
42. Where the circuit of Figure 2 is within the 

35 assembly, a connection 42 carries the outputs of 
the comparators 36 and 38 to apparatus for data 
entry or signature recognition. 

It will be clear from the embodiment specifi- 
cally described that the invention can be put into 

40 operation in many other ways. 

Claims 

1. Apparatus for providing signals indicating when 
45 the tip (13) of an indicating instrument (12) 

crosses marks on a surface, comprising 

light-sensitive means (10,11,21) mounted, 
in operation, to sense variations in light re- 
ceived from a surface (14) at the tip of an 
so indicating instrument and for generating a 

sensor-output signal having variations in mag- 
nitude corresponding to the tip crossing marks 
(1 5) on the surface, 

peak-detector means (27) for detecting 
55 peaks in the sensor-output signal, and 

comparison means (36) for comparing the 
sensor-output signal with a threshold signal 
dependent on the output of the peak detector 
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means, 

characterized in that the peak detector 
means has a time constant which is long in 
relation to the expected durations of the said 
variations in magnitude but short in relation to 5 
expected changes in the orientation of the in- 
dicating instrument relative to the surface, and 

the threshold signal has a magnitude less 
than that of the output of the peak detector 
means by an amount significantly less than the 10 
variation from peak to trough in the said vari- 
ations, the output of the comparison means 
being a substantially two value signal with in- 
tervals, during which one of the values occurs, 
corresponding to mark crossings. 75 

2. Apparatus according to Claim 1 characterized 
in that the threshold signal has a magnitude 
which is less than that of the output of the 
peak detector means by an amount approxi- 20 
mately equal to half the amplitude of the said 
variations in magnitude. 

3. Apparatus according to Claim 1 or 2 character- 
ized by further comparison means (38) for 25 
comparing the sensor-output signal with a fur- 
ther threshold signal having a magnitude below 

the troughs in the said variations but above 
that of the sensor output signal when the tip of 
the writing instrument is spaced from a sur- 30 
face. 

4. Apparatus according to any preceding claim 
characterized by a light source (20) positioned 

to project light on to the surface at the point 35 
indicated, in operation, by the tip of the indicat- 
ing instrument. 

5. Apparatus according to Claim 4 characterized 

in that the light source emits light at a signifi- 40 
cant level at one or several wavelengths only 
and the light sensitive means is more sensitive 
to light at one or more of the said wavelengths 
than to light at other wavelengths. 

45 

6. Apparatus according to any preceding claim 
characterized in that the indicating instrument 
leaves a trail, in operation, on the writing sur- 
face. 

so 

7. Apparatus according to Claim 6 insofar as de- 
pendent on Claim 5, characterized in that the 
material forming the trail does not reflect light 
significantly at the wavelength or wavelengths 

at which the light sensitive means is more 55 
sensitive. 
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